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SOLUTIONS FOR IMPLEMENTING TIME-CF-FLIGHT TECHNIQmS ml

LOW-ANGLE NEUTRON SCATTERING, AS REALIZED ON THE LOW-Q

DIFFRACTOMETER AT LOS AI-AMOS

by

Rex F, Hjelm, Jr tind Philip A. Seeger

Los Almnos %urron !ktuering Cenrer

1.0s A1’lrnos Notional Lilbcmuory

Los Altimos, >:CWNkxico, H75-15-1663

L~SA

All STRA~:

The irr-i;;mrlrnrti(ion of (K,:I11:!ll~,i.? ([.[lw ,momenturn r.mnsfer) neutron :wrttering ins[rllnwnIs
at puls~-:d~palluliwl sourcr(, L?’;lngIirI.s of [light methods, hits meant [he introduc[icm of wmw
new i.”ltidri in ins!.rument dusi~n, da[ 4 , ~.Iuisit; .]n. dara reducrion tind compurer mumrgemenr of
the tmxprrimcnt wd rhe &Iui. tlt!rr: be rmxlunr some of Ike salient aspects of solu[ion~ [or
impicmcnting time of fight sIIM1l-Jn, ie rwutron scattering instruments tit pulsed s~uic~~, J\

reullzecl on the l.ow -Q L)!flracmmctcr [ (~t). N Los Alamos. We ~:onsider. further. smnc of [he
problems that itre yet [o be solved tind iu!ie it short excursion into the future of S,A\NS in\[ru-
men!iltiorr Jt plllsed sources,

IN’HUIDIJ~[ION:
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urement. Fin~lly, [he third involves the large
his[ogr;lrn size re$ul[ing from e~ch mewiure.

men[, rhe requirement thtit [he histogram k

remupped info meuningtul ccmrdintites, and

[!w need to provide the user with u convenient

Jnd effective me~ns cf tkaling with [he

nlilSSi Ve ilmounrs of d~tu presenr. We will
discuss these issues Jmi there soluiion M we

consider [hc ditl’erellt Jsp:cIs ot’ [he instru -
mcn[ iit 1.OS Al;lmos. the LOW-Q

[)il’lrii~.to[]]~[~r,1.QD.

SOURCE:

nut[tr structure: [hey rnws I be nlotier;i[cd I()

USilbl~ energies. In the sm~ll~lngle $ciltk’ring

experiment. we tire rtnlly interested in SIN;III

momentum transfers, Q. From [he rcl:l[iom
ship between Sc”dttering ilng]~. 28. Jrtd IIIL’I(!-

ent neutron wavelength. k,

1.



A,

considerable Iarent tlux rhtit ;Ilcreases the
simple dcpen~ient background, “rhe use of
T(.)F demands [htit the time struc[ure of [he
pulse emerging from the modertimr be sutli-
uiently short to allow i 10 be delerminwl wi[h
precision uompotible with the instrument
rtsoluliun in Q, Thus modertitm tit pulsed
sources tend m k smaller [him [host N rtwc-
tors, iInd the be;Im is undermmlerared.
(’mrsequenrly. in M.iition to the approxinmle-
Iy Mnxwcllim spectrum. there is substantiiil
flux in the slowing down region of the spec -
[rum going us I/L., The cold modcr;l[or iIl
[ .ANSCE hus more Ihtin su(ficieu[ pul~c
ividlh Ior the geometric resolution of LQD
wi[h mnximum wid[h for 1S A neutrons ot’
I(M)ps, other moderator designs witn pulst
widlhs up to .UM)~sare under study, “I”IICW
WIII iitt’(}r(t iIII ili~.rei~sc ir~A(h) hy :1 t:~~mr t~f
!hrcc. ‘Ilww involve cwupling thr cold mml-
cl:lt(lr wllh 111{.rctlm.!or, uml prcmtdrr;uiml
wIlh ;IH iiIHbIcIll ILwlpur;ltllru wmcr (w pt}lv-
L“lllylcllc 111(’)dcrillol” (Will illlillJL’l I 080:”

WdlilllilhLm Ct ill; I(JH(J, Ki~i:ll:lgi :,lltl
WilllillillY, 1~)(~I ),

COLLIMATION, OPTIMIZATION,

AND RESOLUTION:





ture ilnd detector element sizes st,ould be
rel~ted,; uch [hat RI = 2R2 = ( 1/3)1/2 (hd =
( 1/3) “- Ayd. L~ is fixed to the apenure mdii
in [his scheme by the requirement that the
beum umbru be focused to it point at the
dewctor (Fig. ?). These rules are implement-
ed JS much as practic~l; some limitations JS

the total Ieng[h of [he instrument is fixed by
factors Iis[ed tibove. commercial detectors m
USCd(conwquen[ly h and Ay iwe fi~~d), ilnd
[hilt spwx is nctvkd between [he moder~[or
iind collim~[m to place iI shutter, beam t“ilwr

umI/or chopper~ s). Intensity ot [he dcrecmr
CJII lx Increased hy inuredsi[lg [he number O(

~Ollinlil[Or apertures. ,M, in cqh;llion [21..

wl[hou[ ~il~rifi~ii~g r~w)lu[ion. Provision is

[l)il(lt for rnul[iplc pin tIOICS (Fig. 3 ) wi[h

in[ermedi~m biIftlcs [0 prcvenl cross liIlk

(Seegcr e[ ill 1990),

SAMPLE AREA:

DETECTOR:

DATA ACQUISII”lON :
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mm[er equation for mapping, in absolute dif-

feren[ld scattering probability, is

~ Ndn

‘p(QJ’d*= ‘d;)=>,,<4.
[d.n)=k

where w sp~xify the sum to k owr thar SC[

of time n, imd spati~l, d, chimnels that con-

tribute to the kth Q bin according [o [he rela-
tion Qk = drt/kn sin~d. The form Of equation

[31 derives from [he considertition that the
counts in any d,n cell, Nd, n must be weighted

by the number of counts in [hat could h~ve
been meosured in that cell, @n~2d in order [o

op[imize the Information content in Q from
[he counts in e~ch cell (Seeger ~nd Pynn.

1986; IIjelm 1987, Hjelm 1988: Seeger and

Iljelm, 1991). Nommlization is then given by

o $Imllar sum of products of me~sured trans-

mitted Iwum in each lime chfinnel, On, wi[h

the solid ungle subtended by the spa[iul

ch~nnel. Af2d. All relev~nt corrections, such
as detector non Iinetiri[y (Seeger tind Hjclm,

1991 ), ;Lre made to Nn ~ before summing.
Equ~[lon [4] implies ve’ry cme!ul nwusure -

mcnt ot’ O properly nornldized for A(A) by

compuri$on with some wotterer ot known

dP/df2 ~Jacro[ md ‘Z~cc~i. 198 I: Wign~l und

BiI[es, 1987), Conversion ot dP/d{l [o the

m~>rc usu~] maurofcopic differen[i~l cross

wctl(~n per uni[ scattering volume. d.X(Q)/dL2

(C’Ill ). is nl~de by dividing equil[ioll I-II by

[he $;llllpl~ ptith length. ‘[’he prop~,g~tion t)t’

errors det”ining the uncertainties in df-’/dfl is
~[raighttorward using [he USWI1 methods. but

IItII.\I l-x t!t~Iw ~[ every ~;tep in pim]lel wi[h [he

u~~lrcc[l{llls dlld n~~rnluliziltions.

w Ill’l”L’ lhc dvcl”:lgc Y (l VL’I’ Ilk (’CII ;111(1d :111(111

(’l)illlll L!l Y L1l’(’ 111(11L’ill C(l l~V [hC tmr. “1’llc Vilr

I, II IL’(’ 01 [11(’ [Illlc Vlll\l(’\ Ill [h’ 11[11 ~.llil!.ll(g Is

L’,,(l). ,11)(1V(ll!)) 1$ glv(’11 II? (’(ill Jll(~ll I ~1

I(ld(ll loll I $[ ihow$ why 111(’ “lo}’,ill”lltlllll(””

1“01” llll!l)lll~ \(’ll L’ll)l’ l\ prl’tl’l”rd Ill (1,11,1

acquisition, a:Vn(t)/ ii = j+AJA)2 const~nl.
which can be set [o match the sm~lle$( Vil]ut

of the tirsr term in equ~tion [5]. This i’; [he
only medns by which [he IWO pJr:\ ,)f [llc

in$[rument resolution ctin be m~tchcd in J
IOF-SANS nwwurtment.

The precision in Q in each bin :]s u conw -

quence of combining cells is :L\lcultiIcd using

[he rela[ion

which means th~t the vw-i~nce t~t’ (he h [h Q

bin is the $um of the average variances (~t [hc
n.d cells (given in tii.lch case by Cqua[io[) !j] I

in the bin and the vm-iance of the dveragc Q’\

of these cells, We combine the cells wxi~rd-

ing [o [ile weigh tl:lg discussed in introducing

equution [4]. Thus [he in fomuition content in

dP/d(2 is coupled wi[h tha[ ln Q, ;lnd

~, N,,,(lV,,,(,(Q)
[nd]=k

VA(Q)=—
~N,

11).Ltl=k ‘“”

1

V,, (n(<) ‘. ,’,LM):
s

1:) [IL’ICIIIIIIIL! Whl’lhcr ,1 L’(’11 \llo\ll(l 11{’ 11s(’(1Ill

III(’ ll)d~)plllg, WI IL’ I’{’ t’ l\ }0111(” 11(111)1’A’1”l(’ltlllll!!

111(’llldxllll(llll (’(’II Vt!lllll)(’(” 10 (11(’ (j 1)1111,11

Iilll(’1’. [’su.llly WC’(.’110$(”t’ - 1,$, I’(l(l,lll(u).
14] 1111’ough 17] Illl[)ly Illll!)cl’ 111;1[[1)(’ \l/(’ 1)1
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THE FUTURE-NEW SOURCES,

NEW PROMISES, NEW

(W.ALLENGES:

Proposals for the development of new spalla-
tion sources operating in the 1-5 MW range
(LANSCE presently operates at 50-80 kW)
offer exceptional promise and opportunity for
neutron scattering at pulsed sources. They
also present some important challenges. The
larger fluxes at long wavelengths from these
sources will enable instruments that will go to
lower Q than presently practical on pulsed
sources. we will need to learn how to build
such instruments and over come the difficul-
ties with collimating long wavelength neu-
mons to meet the demand to probe longer
length scales in condensed matter research.
.The development of new detectors that can
handle the extremely large instantaneous data
rates anticipated for these new sources is a
prime challenge, Given this development,
experiment turnover and data through put will
be even faster, maybe by an order of magni-
mde, than those on even the brightest spalla-
tion source available today. This will place
ever increasing demand on computers imd
computer software. Faster machines will be

available, to be sure, but software develop-
ment will have to be even more user friendly
and self documenting if the user is to make
fbll use ~f the potential of our new instru-
ments. Fortunately, we are likely to have help
in these issues, as new developments in com-
pu[ers are tending toward common vendor
standards that allow applications to communi-
cate with one another, Using these a building
blocks along with the new windows environ-
ments that are emerging, one can envision
constructing highly complex, pol[able
:vstems, which will meet [he demands of iI.
new era.
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